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(54) Fluid loss control system 



(57) A composition capable of 
imparting improved fluid loss control 
properties to aqueous systems Is 

mtR a combination of (a) a 
solid, particulate silicate or alumino- 
silicate material; (b) a reaction product 
formed from a polyvinyl alcohol and at 



least 1 per cent of stoichiometry of an 
aldehyde-containing or -generating 
agent; wherein the amount of 
component (a) to component (b) is in 
the ratio of at least about 0.75:1 . The 
invention also provides Imnmvnd 



drilling fluids containing said 
composition and a process of drilling 
bore holes using the improved drilling 
fluid. 



SPECIFICATION 

Fluid loss control syst m 



- The present Invention relates to compositions capable of imparting improved fluid loss controlling 
properties to aqueous systems, and to their use especially in drilling bore holes into subterranean 
5 formations. ~ g 

In normal well drilling operati ns in which a well is drilled by a rotary method, the well bore h I is 
generally filled with a drilling fluid r mud which is circulated therein. Drilling fluids are usually pumped 
d wn through the drill stem of the rotary rig, circulated around the drill bit and returned to the surface 
through the annular passage between the drill stem and well wall. These drilling fluids perform a 

» 0 number of functions including lubricating the drill stem and bit, cooling the bit, carrying the cuttings l o 
from the bit up the bore hole to the surface where the cuttings may be separated and disposed of, and 
providing a hydrostatic head against the walls of the well to contain downhofe geopressure. 

Various clay of colloidal clay bodies such as bentonite, sepioUte, attapuigite and the like have been 
used in drilling fluids for many years. The use of these materials has caused the industry to refer to 

1 5 drilling fluids as "muds". 1 5 

The drilling fluid must be capable of resisting the loss of fluid, normally water, into the porous 
-st rrt o through whioh tho boro hol c>4rawreesJbeJos f> o f fl u id r an^s rh* format ion and buihfam f> f fl 



cake deposit which, after a period of time, can result In the sticking of the drill pipe and stoppage of the 
drilling operation. The fluid must, therefore, be of a nature which permits minimum loss into the porous 
20 strata. Agents which impart such property are conventionally termed "water loss controllers" or "fluid 20 
loss controllers". 

The drilling fluid must be capable of exhibiting the above-described fluid-loss properties under 
changing composition and environmental conditions encountered during the drilling operation. The 
drilling fluid components should be substantially stable to the presence of various calcium compounds 
25 as well as sodium chloride which may be present in the fluid from the soil strata with which It is in 25 
contact and/or due to the use of salt water having calcium or sodium salts therein used in forming the 
drilling fluid. 

It Is also desired that the agents contained In conventional drilling fluids are stable and functional 
at elevated temperature. It is well known that as the bore hole increases in depth the temperatures 
30 encountered are substantially above that found at the earth's surface. Further, heat is generated by 30 
frictional forces on the drill bit It is, therefore, desired that components used in forming drilling fluids be 
stable and functional at varying elevated temperature conditions. 

The increased filtrate viscosity caused by the viscosifying agent of a drilling fluid has been relied 
upon as mode of aiding in fluid loss control with little success especially when drilling into and through 
35 micropor is formations. To further enhance the control, various agents have been added. For example, 35 
in U.S. Pc >nt 3,032,498 a cyanoethylated starch was described as a water loss controller when ;sed in 
combination with a clay-based mud. U.S. Patent 3,988,246 describes an esterifled or etherifieri arch 
as a water toss controlling agent when combined with a xanthan gum based drilling mud. Other 
starches have been employed in clay free muds under limiting temperature conditions as starches are 
40 known to be temperature sensitive. 40 
Bentonite clays which have sodium as the major exchangeable ion, such as Wyoming bentonite, 
have been used to impart fluid loss controlling properties to drilling fluids. These bentonites must be 
used In large dosages to approach practical fluid loss properties and usually impart fluid loss which is 
still higher than desired by the industry. Bentonite days which have calcium or magnesium as the major 
45 exchangeable ion have been used to impart rheotogical properties to drilling muds, but these clays are 45 

Jioj paj>ajb^ properties. 

There is a need "for a methooVfbTlmpam^ 

i _ ^ . * i % * m m.mm. Am, m _ 



particulate silicate or alumino-silicate materials contained in aqueous compositions such as drilling fluid 
compositions. The properties of the composition should be stable to varying conditions and 

50 temperatures commonly encountered in drilling operations. 50 
The present Invention provides a composition capable of imparting improved fluid loss control 
properties to aqueous systems, which may be alkaline, comprising a mixture of (a) a solid, particulate 
silicate or alumino-silicate material; and (b) a reaction product formed In an aqueous medium having a 
pH of about 5.5 or lower between polyvinyl alcohol having an average molecular weight of at least 

55 20000 with at least about 1 per cent of stoichiometry of an aldehyde-containing or generating agent. 55 
the ratio of component (a) to component (M being at least about 0.75 :1 to 3 :1 . 

The new composition imparts improved fluid loss controlling properties not possessed by its 
components separately and which are stable to elevated temperatures arid the conditions commonly 
encountered in bore hole drilling operations. The compositions may be used to form an improved water- 

60 based, drilling fluid, useful in drilling bore holes into subterranean formations. 60 
It has been found that silicate or alumino-silicate solid, particulate material can be used to impart 
a high degree of fluid loss properties to aqueous systems when combined with the polyvinyl alcohol 
reaction product described herein. It is preferred that the solid, particulate material be substantially 
inorganic and contain a major amount of kaolinite, halloysite, montmorillonite or illite minerals r 
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mixtures thereof and the like Th* 4 ~* *~ — 

opening OloSSSTbSKS 9 ' 0,,e ^ ,n, "' 1 a «5fSo mean Tgo^" 1 ' The dried mater '*' «• 

cation «n be tS^222T« V8rious •« , ^ffc^S5L < L , 2 a,,w (siev « 
Attapulglte cla^an^^ 



10 



45- 



The polyvinyl alcaM T J ' 08 present whl <* are 

reactants ilHEZS °2 ^ 8re ' preferred. Of a!r3 th« ^ ^""^"v available, are 

40 1h.SC ^SSSSl&S^ f0rma,dehv <»«- WehVde re8CtantS ' tha Purred 

the desired propeEan hJ^J t ?? Um product fo «">d suitable in the «,hi~* 
least about ultip£^£Z?£ by ? a< * n 0 • Polyvinyl alcoho a?5e ! Sb2i < ^ P08Jt} P n to im P flrt 
stoichlometry of an awlhul ™ about 1 10 200 an «* most preferablvfr;^ ed ! bove ' with at 
stoichiomaSas 8 ^ ™fS 6 ""^based on the hydroxy? 7JtT ab ? Ut , Z * 50 P er «nt of 
-4£- Th» ^ r ^af OH fl roups wi th gnB ^S^^^ alcoh °'- We define 

WaSon fecSl SS* ^ oonventionai means the *> u «ous reaction media. and 
Compoiltk mso . th . m K- l>no^»>a». salt. <toe«uaUon. ffltrauer. M 



25 



30 



40 



■4F 



50 



•• ^«5S~=tSt-™ —• 

c mpon^nt ,V 8tta,n8 80 tonally high deflre'e oS-lps^ »»f** 
The aque us svsr-m , attributable to either 

35 8 and l-^Z^Tfo^S^ «"*«*■" '"ould have an alkali™, « . 

and mor « "~fe~Ki w «f QOfM 11 e A "!; e an a, kaime pH f at least 65 



E£? "1 008 att3 inS 1,16 desired P"*"** Adjustment of the pH can be done with anv water m i„hi a 
■** h ac,d such 88 a,ka,i metal Mroxide. alkaline ear* metal hJSKTSSSS^ 
acid, sulfuric acid, nitnc acid, s dium bicarbonate, or sodium carbonate nyoronal.c 

. The polyvinyl alcohol/aldehyd reaction product can be used in anv effective amn.mt l 

waTer'S^? . ha £ n d6SCribed SiliC3te "^toSSSSSd ?ee f 6 
water-loss control to the resultant aqueous system. Normally suitable amounts are from ab^t n -i ♦ * 5 

per cent and pr ferably from ab "t 0.75 to 2 per cent polyvinyl a tohoSy^ 

»i«^I!^.^ 0 ^ f the !° ,ld ' Particulate silicate or alumino-silicate material to the polyvinyl 
alcohol/aldehyde product should be at least about 0.75:1 with from about 0.75 :1 to 3 1 beino 
preferred arrf from about 1:1 to3:1 being more preferred. The particular cc^entra^ 

7 n I the tQ th9 porous envi ">nment. Th e fluid loss of the system can SSeS^&T 

20 accordance with the American Petroleum Institute's procedure API No RP-1 3B foH h£hZZ£ an * ,„ 
Ngh temperature conditions. After Initial spurt, the desired wSerfoss contro atta £!3d£Ett£ '° 
composition is of less than about 20 ml per 30 minutes and. preferably, leas than ibVut ? ml/30 n*? 
It has been further unexpectedly found that the subject composition has exceSstebSitv to 

25 h 7 er8 ?£ C t , f: Um a " d SOdium 8a,ts and variou8 other conditio^ desired of a flul^S^ 
25 drilling of bore holes and the like. The drilling fluids containing the subject compoaSm Z , * 

unexpectedly been found to have high degrees of stability under various adveSS Such fluids 
have been found to be stable after subjection to elevated temperatures for sustained periods of ti m e in 
high shear rates such as are encountered at the site of the drillblt. as well eXinc Sin the 

30 en^SfnSftuSr 81 " e,ememS *"* " ^ ^ 3 " d be 

-hhwII? . d, 2 l S flU ' d ~ m P osItiGn of me sub i8Ct invention can contain other conventional drilling fluid 3 ° 
additives such as weighting agents as. for example, crushed oyster shells, barlte and the Hke- thinner 
such as ferrochrome lignosulfonate and the like: lost-circulation agents such as ground walnut she»s 

35 TT ^ hl ! ,S an< l the " ke '' pH 8dju8tere such 88 80dium carbonate, aodilm WcaSona?^ and 
35 the like; as well es other conventional additives. oicaroonate ana 

• . J h8 J t ?, mi "water-based" which is used herein in describing the present invention aenerallv 3 5 

includes dnl ing fluids which have a liquid base comprising substantially fresh water or salt i«er 
However. ,t Is to be realized that at times certain small amounts of other liquids may emuTXed or 

40 oS^S?^ 3 - 6r h 38 ^ ^ ^ example ' dri,lin9 fluid8 ma * at ti ™ s - comata sm2r a mounte of 

S 'SSSeta SEE? W ' th tha dri,l,n 9 fluld ' *• oil ether from an oil formation drilled into 40 

or, under certain conditions, can be purposely added. 

The present water-based, drilling fluids containing the subject composition described above and 
hav.ng a pH within the range of from at least about 8 to 12.0, have been found to be stable to 
4<; !? mperature ' tne Presence of various salts and to the presence of conventional drilling fluid additives 
45 other water loss controllers need not be present. Further, the present drilling fluids am sSantiaS 45 
non-corrosive and non-destructive to metal equipment commonly used in drilling operations 

e subject composition can be used with conventional bore hole drilling eauioment in manners 
-^°™: to ^askHled^^^^ _ 

50 STShhiJ Ti 9r i OSS P° ntrol P ro Parties of drilling fluids containing said composition permit more 
50 efficient drilling of the bore hole when circulating the fluid while drilling 

uniess^theS indicated ^ ** M p>rtB 8nd « "y weight 



55 



EXAMPLE I 

Formation of Polyvinyl Alcohol/Aldehyde (PVA/A) Products 

weiahtoMll^-nH l^^T^^T^Y^T^ a,Coho1 havinfl a we, 9 nt ay a«ga molecular 55 
weight of 1 25,000 and 87% hydrolyzed (Gelvatol 20—90) was dissolved in 94.375 parte water The 

pH I of the solution was adjusted to 5.0 with dilute hydrochloric acid. 1 .01 3 parts of paraformaldehyde 
150 per cent of stoicruometry) was added to the solution which was then heated to 60 e C with stinino 
and maintained at that temperature for 30 minutes. The solution was allowed to cool and had its dH 
60 adjusted to 9.5 with a 50% sodium hydroxide solution. ^ 60 

B. A second polyvinyl alcohol/aldehyde product was formed by initially dissolving 1 1 .25 parts of 
!h! c ° mme ^ ,a 'Po'y^yl alcohol described above in 88.75 parts of water and then adjusting the pH of 

£>l SET t0 aa 3 -^ HC1 - 3,83 P8rtS P araf °"" a 'dahyde ( 1 00% stolchlometry was adoed and 
the mixture waa stirred and heated to 85 *C and maintained at this temperature for 60 minutes After 
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EXAMPLE II 

5 tt 1 ^^^^ TP* - 

formed slurry was diluted with 58.3 parts of water Fnu, nL«. £f!2 , r overni 9ht. 41 .7 parts of the 
9.4 ml/30 min • sourt was i ft mi «Ih L I <. 9,/ **" cmJ P 1 ^ 5 ^^ Total fluid loss was 
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Sample 
I 

II 
III 
IV 



TABLE I 

Bent onite(%) PVA/ALD{%) GRS(%) 
2 1.3 
2 _ 



1.5 
1.5 



2.8 




TFL 


SP 


CFL 


9.4 


1.8 


7.6 


22.5 


1.7 


♦ 

20.8 


>200 




>200 


>100 




>100 



properties attained when 



EXAMPLE 111 

produJ^ «*cept that the pllyvinyl alcohol/aldehyde 

2 5 r " l T ^Krp^ ternperatu re-high prSure 

25 differential. The data In Table II below shows that suhcfll. n °, P * {35 k 9- /s * cm.) pressure 
samples having the combination ^ re ! UkS ** from 

components than from samples of each component separately. 



20 



25 




(a) each sample contained a small amount of ferrochrome lignosulfonate 
EXAMPLE IV 



as a dispersant 



30 -*!K5!35^^ 



30 



are as 



t 



5 
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TABLE lit 



Sample 

* 


Bentonite(%) 


PVA/AUW6) 


TFL 


SP 


CFL 


4 

1 


4.8 


1.6 


8.0 


0.6 


7.4 


2 


4.8 




62.0 




62.0 


3 




1.5 


>200 




>200 



EXAMPLE V 

A polyvinyl alcohol/aldehyde product was formed by Initially dissolving 50 parts of 87 per cent 
hydrolyzed polyvinyl alcohol as used in Example I in 1 50 parts an aqueous solution which contained 1 6 
5 percent sodium sulfate salt. The pH of the solution waa adjusted to 3.0 with 1 0 per cent sulfuric acid 
solution. 1 7 parts of paraformaldehyde were then added. The mixture was heated to 60°C and 
maintained at this temperature for 30 minutes. The pH was then adjusted to 7—8 with 50 per cent 
. SOlMtfQn of NaOH, The precipitate produ c t was filtered, washed and dri ed at 50°C tor 1 6 hours under 
vacuum. 



10 



15 



20 



A 5 per cent attapulgite clay slurry was prepared by mixing for 1 0 minutes, a mixture of water and 1 0 
clay which when passed through a stack of sieves gave the following particle distribution : 1 .3% on 20 
mesh; 5.7% on 40 mesh; 1 3.3% on 60 mesh; 21% on 100 mesh; 23.5 on 140 mesh; 9.6% on 200 
mesh; and 25.5% as fines. 

8 parts of the above polyvinyl alcohol/paraformaldehyde product was dispersed in 92 parts water 
One part of ^epolymer dispersion was mixed with 4 parts of the clay dispersion. The fluid loss of the 1 5 
resultant composition (Sample 2) was determined in the same manner as described in Example fi above. 
In addition, a sample (Sample 1 ) of clay dispersion diluted 4 :1 with water was tested for comparative 
purposes. . 

The clay-polymer aqueous composition was then subjected to elevated temperature of 120°C for 
1 6 hours with agitation and under a nitrogen atmosphere. The sample (Sample 3) was coded to 20 
a mbient temperature and retested An additional sample (Sample 4) was. heated, aa above and then 
subjected to high shear rates by circulating the sample through a capillary tube (LD. = 0.03 1 4 inch or 
0.8 mm) for 30 minutes to give an approximate calculated shear rate of 25,000 sec"* 1 . The fluid loss 
control of these samples were also determined. The results are given in Table IV below. 

TABLE IV 



25 



Sample 


Attapulgite<%) PVA/ALD(%) TFL 


SP 


CFL 


1° 


* 4.0 




>100 


— >100 


2 


4.0 


1.6 


5.7 


— 5.7 


3 


4.0 


1.6 


12.5 


2.6 9.9 


4 


4.0 


1.6 


5.2 


— 5.2 



For comparati v e P u r p os e 
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40 



EXAMPLE VI 

The materials, processes and procedures of Example V above were repeated except that the 
initially formed 5 per cent attapulgite slurry was substituted by a 3.8 per cent slurry of sepiolite. The 
sepiolite slurry was formed by mixing 3.8 parts Of sepiolite having a particle size distribution of: 1 % on 
20 mesh (0.84 mm); 5.8% on 40 mesh (0.42 mm); 1 4.7% on 60 mesh (0.25 mm); 22. 1 % on 1 00 mesh 30 
(0.149 mm); 18.3% on 140 mesh (0.105 mm); 12.5% on 200 mesh (0.074 mm) and 25.3% as fines 
with 96.2 parts artificially formed sea water according to the formulation disclosed by Brujeweicz in The 
Oceans by H. U Sverdrup et of, Prentice Hall, 1961, page 1 86. The sea water contained 1 06 parts NaCh 
20.9 parts MgCI 2 6H 2 0; 13.2 parts MgS0<; 6.1 parts CaCf 2 2H 2 0; 2.9 parts KCI; 0.8 parts NaHC0 3 ; and 
0.3 part NaBr with sufficient H 2 0 to make a 4000 parts sample of sea water. 35 

The samples were formed and tested in the same manner as described in Example V above. 
Sample 1 is a comparative sample using sepiolite alone. Sample 2 was sepiolite-polymer composition 
of the subject invention. Sample 3 was the same as Sample 2 except subjected to elevated temperature 
and agitation for extended period. Sample 4 was the same as Sample 3 except it waa further subjected 
to high shear rates of 25,000 sec"" 1 for 30 min. The results are given in Table V below. 40 
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TABLE V 



Sam P > S piolite(%) PVA/ALD(%) TFL 



SP 



1 
2 
3 
4 



CFL 



3.0 
3.0 
3.0 
3.0 



1.6 
1.6 
1.6 



>100 
7.4 
8.3 
5.0 



>100 
7.4 
8.3 
5.0 




CLAIMS 
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20 



25 



15 



20 



£<a, ffiSSS^ comprising a mixture 

5 formed In an aqueous medium having a ptT of EtTsS at '° n W,th (b) a reactio " Product 
^Oemolecu.ar weight of a, least IS,000 ^t tos?aoZl polyv,nyl 8,coho » hav i"9 

ImJASSS? " 10 1 ' « *• comporluSrattapuigite. sepioiite 

^.^c1Z^ m %TyS' d im Cte,m 3 ' ^ ^ <*> '» « -tonite Cay having 
<^SSSS^S^^ ^ Wherel " *» «««« * « bentonite day having 

cent hiS* aCC °^ to 6. wherein the poiyviny, aicoho, Is from about 80 to 96 per 
«™«£%:S?to£^Z% n * * a " V ° f C,a ' m8 1 10 7 ' wh8rei " the aldehyde agent is para- 

10. A composition aeeruriin,, ^ L^r-TiTr 3 ^ ? cwnwiyU melamfn®. 

etetehlorfletilte per*centandT <**>™d wit* 

PH of from about 2 to 4.5. «w«niqmemc per cent and man aqueous medium having a 

» »- - SjiassssaK asssi esss.- ~— » «- * »— . «. 

12. A composition according to Claim 11 ^SZS^L 30 pW C8nt <* stoichiometry. 

aldehyde 

Printed lor Ho Majesty, Stationer Office by tha o. '. ~~ " 

M Lon*^^.^^^ 9 ^'- by ,h. Potont Off.co. 

« w. irom wfttar eopios may be obtained. 



10 



26 



30 



